Objective To assess the effectiveness of an activity programme in improving function, quality of life, and falls in older people in residential care.
INTRODUCTION
Elderly people with high levels of habitual physical activity live longer and have better general health and higher levels of wellbeing than do those who are inactive. 1 Improving activity levels may improve health outcomes [2] [3] [4] ; however, for very frail elderly people in residential care, the potential for such activity is limited. Even small gains in functional status may result in significant benefits in functional performance and quality of life. 4 Although some success in slowing functional decline has been shown, 4 5 sustainable ways to do this in residential care have not yet been identified. The challenges are to design an intervention that is acceptable to and will involve a large proportion of older residents.
Successful approaches in residential care have included programmes designed to prevent falls, 6 progressive resistance training, 7 nutrition programmes, and seated activities. 8 Use of weights or elastic bands can improve strength and slow decline in activities of daily living functions. 9 Such successful programmes have involved a combination of staff and visiting exercise specialists.
Older muscles can be retrained and become stronger with repetitive use, 10 but activity must be sustained to improve functional status. 11 Low intensity activity is a reasonable goal when incorporated into daily activities, 12 as it is more acceptable to elderly people than vigorous activity and has greater potential for long term compliance. 13 An individualised programme of progressive repetitions of activities of daily living increases the ability to perform these independently, 14 and this is a potential way to encourage moderate exercise. However, to ensure participation, supervision and encouragement from usual attendants are likely to be needed.
Activity programmes must be safe to be effective. Some trials have suggested that improving function and mobility in frail elderly people increases their risk of falls and related injuries. [15] [16] [17] Fall rates in residential care are three times those of elderly people living in the community, 18 and hip fractures are 10.5 times more likely than for community dwellers. 19 Only 15% of those who fracture their hip regain their pre-injury functional level, placing a large burden of care on staff. 20 This means that falls are a relevant outcome in activity trials involving frail elderly people.
We report the results of a pragmatic cluster randomised controlled trial in a representative sample of residential care homes. This follows a successful efficacy trial, which suggested that an intervention based on activities that are meaningful to the individual person can be effective in improving quality of life for elderly people in residential care. 21 
METHODS
A cluster randomised controlled trial tested the effect of an activity programme in a residential care population on functionality, quality of life, and falls over 12 months. The trial is reported according to the CONSORT statement. 22 Participants and recruitment Further recruitment details are reported elsewhere. 23 Residents in low level dependency residential care in two cities of New Zealand were eligible for this study. Elderly people living in low level dependency residential care homes need assistance with most instrumental activities of daily living and at least two activities of daily living but can usually ambulate to some degree and feed themselves.
The New Zealand Ministry of Health supplied a listing of all residential care homes (subsequently termed "homes") in the two centres. We excluded homes caring exclusively for young disabled patients or delivering only palliative care. We invited homes to participate in random order by using computer generated random numbers. The owners and managers of the homes and all eligible residents, their family members, or guardians gave written informed consent.
Eligible residents were aged 65 years and over, able to engage in a conversation about a goal, remember the goal, and participate in a programme to achieve the goal (a proxy for cognitive state). The clinical nurse in charge of the resident at the time of recruitment judged ability. We excluded residents who were unable to communicate to complete the study measures, had anxiety as their main diagnosis, were acutely unwell, or were in a terminal state. We recruited residents between February and November 2004 and followed each resident for 12 months.
Measures
We ascertained staffing levels-registered nurses' hours per day and healthcare assistants' hours per day-by a structured interview of management staff. Trained independent research nurses recruited residents and, using standardised techniques, collected demographic data, health information, and drug use data from the medical and nursing record and did standardised face to face interviews. We estimated socioeconomic status by using the main occupation of the person or their spouse and by establishing whether the resident was publicly funded by a means tested entitlement. We used Hodgkinson's abbreviated mental test score to establish cognitive function. 24 The primary outcomes were function, self reported and observed; quality of life; and falls over 12 months of follow-up. We measured self reported function with the late life function and disability instrument validated for frail elderly people. 25 The two main components, the functional and disability components, were administered at baseline and 12 months' follow-up. Subdomains included upper extremity function, basic lower extremity function, and advanced lower extremity function. The function component was also administered at six months.
We assessed observed basic mobility and functional tasks at baseline, six months, and 12 months with the timed up and go, 26 the elderly mobility scale, 27 and the FICSIT-4 balance test. 28 We measured quality of life at all three time points with the EuroQol instrument and the life satisfaction index. 29 30 We defined falls as "an unexpected event in which the participants come to rest on the ground, floor, or other lower level." 31 Independent researchers used this definition to audit all medical and nursing records of participating residents for three months before the trial started and then every two months over the year of the trial.
Secondary outcome measures were depressive symptoms assessed by the geriatric depression scale, 32 fear of falling measured by the modified fear of falling scale, 33 and hospital admissions over the 12 months of the trial from the national minimum dataset, which records all discharges from New Zealand's public hospitals and is held by the New Zealand Health Information Service.
We ascertained adverse events, including muscle pain, fatigue, and general aches and pains, by self report at baseline, six months, and 12 months. We established mortality and permanent admission to a high dependency level of long term care (nursing home care) by direct enquiry at each follow-up visit.
Randomisation and blinding
After recruitment of all homes and residents and collection of baseline data, a biostatistician not involved in recruitment randomised homes to the intervention or control group by using computer generated random numbers. We used randomisation by home (cluster) to avoid contamination between groups resulting from the intervention design involving staff training and thus potentially affecting all residents in the home. 34 Research nurses blinded to the group allocation of the homes used standardised methods to assess outcomes. All intervention materials were removed from each resident's room before follow-up reassessment visits.
Interventions
Two trained gerontology nurses, one at each site, delivered the promoting independence in residential care (PIRC) intervention on the basis of a successful efficacy trial. 21 To standardise intervention delivery they were trained by KP and did dual assessments and plan development for five residents at the start, after six months, and towards the end of the enrolment period at both sites. The gerontology nurses were not involved in any of the outcome assessments and had a well designed study protocol to guide the intervention phases.
Goal setting-The resident, assisted by the gerontology nurse, set a mutually agreed goal that had to meet two criteria: it had to be relevant and meaningful to the resident, and it had to promote progressive increases in physical activity. The goal setting often required one to two visits, depending on the resident's abilities Functional assessment and activity programme designThe gerontology nurse then completed a functional assessment and designed an individualised programme of physical activities based on repetitions of activities of daily living, such as rising from a chair, additional walking, or repeated transfers, aiming to improve the physical functions needed to achieve the goal. Exercise activities were planned to be done daily or several times a day in short doses as part of the resident's usual activities. A physiotherapist and occupational therapist were available to assist in assessment and programme design when asked by the gerontology nurse. A prescriptive plan, the promoting independence plan, was constructed and placed on the wall in the resident's room and in the resident's file. The plan was developed in part as a template, such that if rising from a chair was challenging (and was needed as part of achieving the goal) the plan incorporated initially five sit to stands twice daily with increasing repetitions as the individual resident gained greater lower leg strength.
Staff implementation-The gerontology nurse trained the healthcare assistants in implementing the promoting independence plan on a one to one basis for each resident. The healthcare assistants then implemented the plan under the supervision of the usual nursing staff of the facility. For the more independent residents, the healthcare assistants provided minimal supervision. The more dependent residents needed up to 15 minutes of close supervision of the plan twice daily.
Ongoing support-The gerontology nurse provided support to the home staff every week for the first month and monthly for the next six months. Support included visits; discussions about residents, exercises, and goals; and reviewing progress and renegotiating a new goal with enrolled residents when the first goal was met. The Flow of participants through trial RESEARCH intervention lasted six months in total. After that time the facility staff were expected to continue encouraging engagement in activity.
Control group-Residents in control group homes received usual care and were offered two social visits by a social science researcher to control for the attention received by the resident from the gerontology nurse visits.
Uptake-Gerontology intervention nurses following enrolled residents reported compliance of residents with the activity programme. Staff were asked to complete checklists of residents' episodes of exercises. A record was made of all social visits.
Sample size calculation
We used previous data on the main outcome variables to complete power calculations. Based on a baseline average score of 15 (SD 6) of the elderly mobility scale, 35 we needed 132 participants in each group to detect a true difference of 2 units (90% power, 0.05 level of significance, two sided test). Inflating this according to an estimated design effect of 1.44 to account for the cluster randomised design (intraclass correlation of 0.02 from the efficacy study 21 ), we needed 190 residents in each group. To detect a 20% reduction in falls and a 15% reduction in injuries with 90% power at the 0.05 level of significance (two sided test), we needed 329 residents for falls and 235 residents for injuries, based on a baseline proportion of 46% falling and 30% sustaining injury over a year and inflating raw estimates to allow a design effect of 3.2 for falls and 1.8 for injuries. 16 36 Allowing a response rate of 93%, 16 and taking the largest of these estimates, we needed a total of 707 elderly people to participate. These were to be recruited from between 40 and 44 homes, assuming an average cluster size of 20 based on half the residents in homes being eligible and the average home size being 40 people. 21 
Statistical analysis
We sought to examine the effect of the intervention at an individual level, adjusting for the impact on variance of the clustering inherent in the sampling design process. We investigated differences in changes over time in the two groups by testing the effect of the interaction of time with the randomisation group on the main outcomes. We did planned tests for interactions between depression, randomisation group, and time and between mental status, intervention group, and time. If appropriate, we did subgroup analyses.
We described baseline characteristics for intervention and control groups. We used generalised linear mixed models, with rest home as a random factor, city as a fixed factor, and time as a repeated measure, to investigate whether the intervention was associated with a change in function (late life function and disability index, timed up and go, elderly mobility scale, balance) or quality of life (life satisfaction index, EuroQol) over time and in particular whether this change differed between the social and intervention groups. We used an autoregressive structure to model the correlations between repeated measures over time. Where outcome measures were not normally distributed, we log transformed them or converted them to categorical variables for analysis. Where appropriate, we used a logit link for binary data. We used a generalised linear mixed model with a logit link for the secondary outcome of depression. We investigated time to fall, allowing for multiple falls per resident, by using a Cox proportional hazards model with rest home included as a random effect.
We included mental status (abbreviated mental test score), depression (geriatric depression scale score), age, sex, previous falls, total number of drugs (as a proxy for health status), time in the low level dependency home, and socioeconomic status in the models for the primary outcomes. We used negative binomial regression models allowing for the clustering of participants within rest homes to investigate hospital admissions and adverse effects (aches and pains). We used the χ 2 test to test for differences in the proportion of participants who were admitted to high level dependency care or died. We used SAS version 9.1 for all analyses.
The quality of the trial met all criteria outlined for randomised controlled trials in the User's Guide to the Medical Literature II, 37 except that double blinding was not possible.
RESULTS
Forty one of 46 randomly selected homes participated; 83% of eligible residents participated (330 activity group, 352 social group). Staffing levels were similar for registered nurses (P=0.24) and healthcare assistant staff (P=0.40), and recruitment rates were similar between intervention and control homes. The figure shows the flow of residents through the trial. All homes recruited completed the trial. The mean age of residents was 84 (SD 7) years, and 504 (74%) residents were women. Characteristics of residents were mainly evenly balanced between the groups (table 1). In seven of the 41 homes, a staff member or resident unblinded the assessor at some time during follow-up. This potentially affected measures on 56 activity participants and 41 social participants.
We found no evidence of interactions between depression, group status, and time for any of the primary outcomes. Therefore, all analyses include residents with and without depression. No significant interaction existed for the disability overall and limitation overall scales of the late life function and disability instrument (table 2) . A significant interaction existed between cognition and group status for the function overall scale of the late life function and disability instrument (P=0.024), and we report the results separately for this variable. For residents with normal cognition (abbreviated mental test score ≥7) the activity group deteriorated less in overall function (late life function and disability instrument, total function component score) in the first six months of follow-up (table 3) . For those with impaired cognition (abbreviated mental test score <7), the activity intervention had no significant effect on function and the mean scores for activity group participants tended to deteriorate faster than those of the social group. A similar significant interaction (P=0.015) in the lower limb subscale score of the late life function and disability instrument showed a maintenance in score in the activity group for those with normal cognition (intervention group score 48.8 at baseline, 48.1 at six months, and 47.7 at 12 months; control group 49.5, 45.9, and 46.5) but no differences in the cognitively impaired subgroup. Other subscale scores, including advanced lower limb, upper limb, overall disability, and social and personal role subscales on the late life function and disability instrument; mobility and balance measures; quality of life; and time to fall, were not affected by the activity intervention (tables 2 and 4).
A significant interaction existed between cognition, group status, and time for depression as a secondary outcome. More people with impaired cognition in the activity group had pronounced depressive symptoms after the activity intervention than did those with cognitive impairment in the social group (table 5) . We did not analyse fear of falling, as at least 40% of the sample had incomplete data for this measure because the residents struggled to allocate a number to the specific fear of falling task. No difference existed in the proportion of residents who were either admitted into higher level care or died during the 12 months of the trial between the activity group (55/330, 17%) and the social group (47/352, 13%) (P=0.61). We found no evidence of a difference in the rate of hospital admissions between the social group and the activity group (P=0.55) (table 6), nor any difference in the level of adverse outcomes (P=0.75).
When we considered uptake of the intervention, analyses found that those who achieved their goal (187/330, 57%) were no more likely to have an improvement in function than those who did not This trial tested the effectiveness of the intervention in a representative group of homes and followed a successful efficacy trial. 21 Other trials showing greater levels of success in changing quality of life or performance based assessments of mobility have tested more vigorous and resource intensive inter ventions. 6 7 9 38 This result highlights the importance of specificity of training. The training approach in this study focused on practising overall functional tasks embedded within daily activities, facilitated by existing staff. Unlike other studies, it did not use an exercise focused approach to intensively work on underlying impairments such as muscle weakness or balance problems. As a result, the fact that the change seen was small and in overall function without change in balance or mobility performance is probably not surprising. This intervention also did not consider any environmental barriers or psychological factors that might need to be tackled to facilitate changes at the level of disability or quality of life. The social group may have had improved quality of life as a result of the social visits. In an institutional setting with fixed environmental constraints, changes in disability will probably be limited compared with changes in function.
Residents with poor cognition did not benefit from this intervention, and their mood may have been adversely affected. Goal setting interventions may require normal cognition, as goal oriented interventions need to be owned by the individual person. The use of client led goal setting interventions for those with poor cognition should be approached with caution, and further refinement in potential interventions is needed for those with poor cognition.
Strengths of the trial
The trial design, including randomisation, blinded outcome ascertainment, and the adjusted analyses, was robust. The results can be considered generalisable, as more than 80% of homes and participants invited to participate did so.
Internal contamination is unlikely, as homes were separated and cross over of staff between homes was rare. The control group received social visits, a discussion of their activities, and a summary, controlling for the time spent by the gerontology nurse with participants in the activity group. The differential effect seen for residents with and without normal cognition highlights the need for adequately powered randomised trials to examine significant interactions and carry out in-depth subgroup analyses for which this study was not powered Uptake of the intervention Almost all (93%) residents were visited, three quarters were able to set a goal, and three quarters of these were able to achieve that goal. Although we could not accurately ascertain how well the intervention was taken up or sustained, participation in the activities was estimated to be low (45% doing none or few). Anecdotal reports from the intervention nurses indicated that the staff uptake was variable; some homes had excellent buy-in, whereas in others staff participation was less obvious. Organisational change is often needed to effectively implement long term changes in health care. 39 Either a more intensive intervention or more effort in implementation would be needed to achieve functional improvement in this population.
Conclusions
An activity programme based on usual activities of daily living, targeted to a personal goal that is meaningful to an individual resident, did not help to preserve physical function in frail elderly people with normal cognition in residential care and may have adversely affected those with poor cognition. Low compliance with activity recommendations was likely.
To be successful, such interventions may need a higher intensity of activity and more effective reinforcement by care workers. Interventions should be carefully targeted to those people likely to engage and respond within the residential care context.
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